The effect of Baypamun treatment in Aujeszky's disease virus (ADV) transmission from pigs challenged with virulent ADV was evaluated. Twenty 6-week-old crossbred pigs were divided into four equal groups and subjected to either vaccination or Baypamun treatment or challenge infection with ADV. The pigs of group I were vaccinated with gE -vaccine against Aujeszky's disease (Ayvac, Pliva, Zagreb, Croatia), the pigs of group II were treated by Baypamun as a non-specific immunostimulating agent, those of group III were inoculated with a virulent strain of Aujeszky's disease virus strain NIA-3, and group IV was used as control. After challenge infection of pigs of group III, all other groups were housed together. The amount of total antibodies and gE antibodies to Aujeszky's disease virus in sera of tested piglets was determined by immunoenzyme test. Isolation of PBL and lymphocyte stimulation test also was carried out. Our results indicate that pigs of groups I and II were better protected from, or less affected by, contact infection, respectively. Significantly higher mortality was detected in pigs of group III than in any other group. In this group, the most extensive pathomorphologic changes were also found. However, they were similar in group II and group IV. The former group of pigs had a lower incidence of diarrhoea (0/5 : 2/5) and increased reactivity of T and B cells compared to controls (group IV). Although Baypamun did not affect specific antibody production, the obtained results are encouraging, with regard to the non-specific immunostimulatory effect of BPM in pigs exposed to contact ADV infection.
. In peripheral blood mononuclear cells the ADV genome was amplified during the acute phase of infection (Balasch et al. 1998) .
Vaccination of pigs against Aujeszky's disease (AD) with modified live virus or inactivated virus vaccines induces neutralizing antibodies and sensitized new lymphocytes in blood and lymphoid organs, but confers only partial protection. Systemic immunity seems not to be related to protection (Van Zaane et al. 1989) . The discovery of marker vaccines, which lack a non-essential protein, offered new perspectives for the eradication of ADV. To eradicate the virus, it is essential to be able to differentiate between infected and vaccinated pigs. For this purpose the blocking ELISA (immunoenzyme test) has been developed to detect antibodies that block the reaction of monoclonal antibodies to epitope on gE of ADV (Van Oirschot et al. 1990; Kinker et al. 1997) .
Poxviridae are the largest of known human and animal viruses. It was first noted in 1978 that inactivated poxviruses might possess immunostimulating capacity (Mayr et al. 1978) . Among these, parapoxovis virus preparations have been shown to reduce clinical signs of viral diseases and stress-mediated diseases in different species of animals (Kyriakis et al. 1998; Castrucci et al. 2000; W innicka et al. 2000) . The prophylactic application of inactivated parapoxovis virus (Baypamun, Bayer AG, Leverkusen, Germany) has been shown to induce strong proliferation of peripheral blood mononuclear cells (PBMC) (Fachinger et al. 2000) . Such in vivo immunostimulating capacity was also in part demonstrated in vitro.
The aim of our study was to evaluate the non-specific immunoprophylactic effect in Baypamun treated pigs in correlation with pigs vaccinated with gE -vaccine and control pigs after exposure to pigs challenged with wild type ADV.
Materials and Methods

Pigs
Twenty 6-week-old clinically healthy crossbred pigs were purchased from a large-scale swine farm Dubravica, near Zagreb, Croatia. Pigs were randomly assigned to four experimental groups (I, II, III and IV) comprising five animals each. Pigs were clinically examined and weighed daily. Each group of pigs was housed in an isolation unit under identical conditions. They were fed concentrates and watered ad libitum.
Immune response modifier (IRM)
A preparation of chemically inactivated Parapoxvirus ovis strain D 1701 (containing 10 6.75 TCID 50 per dose of 2 ml), commercially known as Baypamun (BPM, Bayer, Leverkusen, Germany) was used for non-specific immunization.
Non-specific/specific immunization and challenge infection
The pigs from group I were intramuscularly treated twice (on Days -30 and -15) with attenuated gE -vaccine (Ay-vac, Pliva, Zagreb, Croatia) prepared from Bartha K-61 strain of ADV. Five pigs in group II were intramuscularly treated either three times (on Days -4, -2, and 0) with 2 ml of BPM. Animals of the group III were infected (on Day 0) by intranasal inoculation of 1 ml of suspension (1:10 dilution) containing 10 5.8 TCID 50 /ml of virulent Northern Ireland Aujeszky's-3 (NIA-3) strain of ADV. The fourth group of pigs (served as control) was mixed along with the pigs from group I, and group II and with the directly infected pigs (group III) for 4 days after challenge infection. Four days post-infection the pigs were separated and observed for additional 17 days.
Samples
Blood was collected by venepuncture into heparinized syringes (20 ml) and tubes (10 ml). The samples were used either freshly for the isolation of PBL or after processing and storing at -20 °C for specific serum antibody detection. Nasal swabs were taken throughout the observation period.
Virus detection
The ADV was detected from nasal swabs by cytopathic effect in RK-13 cell culture.
Specific antibody detection Specific antibodies to ADV and gE antibodies in the sera of tested pigs were detected by a commercial ELISA test kit (HerdChek) according to producer's recommendations (IDEXX Labs, Inc.).
Isolation of PBL and lymphocyte stimulation test (LST)
The PBL were isolated by density gradient centrifugation (Valpotiç et al. 1986 ) and cultured with or without mitogens, as previously detailed (Valpotiç et al. 1989) . Lymphocytes (2 × 10 5 cells per well) were stimulated with either 10 µg/ml of phytohemagglutinin (PHA; Wellcome) or 5 µg/ml of pokeweed mitogen (PWM; ICN Biomedicals) for 72 h. Pulse labelling of stimulated cells was performed by adding 1 µCi per well of 3 H-thymidine (specific activity: 5 µCi/mM; Amersham, UK) 18 h prior to harvesting. The cells were then harvested by Skatron cell harvester (Skatron, Lier, Norway), dried on Skatron GF/C filters and transferred into counting vials with 3 ml of scintillation liquid (Merck, Darmstadt, Germany). Incorporation of 3 H-thymidine into newly synthesized DNA of stimulated cells was measured by β-scintillation counter Delta 300 (Nuclear, Chicago, USA) and expressed as counts per minute (CPM). The CPM of triplicate cultures was calculated as the mean ± SD stimulation index (SI) values (experimental, stimulated CPM/control, unstimulated CPM).
Statistical analysis
The levels of significance were determined by t-test using computer program Microsoft Excel 5.0 (Microsoft Corporation, USA).
Results
Clinical examinations
Data on clinical examinations (body temperature, tremor, diarrhoea), mortality rate and necropsy findings in pigs are presented in Table 1 . Necropsy findings were more prominently expressed in the pigs of group III, while less intensive findings were evident in the pigs of groups IV and II. In pigs of group I such findings were not expressed.
Average group body weight gains in pigs are shown in Table 2 . The highest body weight gain was observed in groups I and II on Days 0 and 14. In the pigs from group IV, the body weight gain was the lowest from Day 4 to Day 14 as compared to those from groups I and Histopathological findings Histopathological findings of pigs that succumbed to infection or were euthanized are presented in Table 3 . The greatest changes were observed in pigs of group III, while those lesions were less intensive in controls (group IV) and BPM-treated pigs (group II). In vaccinated pigs (group I), histopathological changes were either absent or non-specific. Microscopic lesions are most frequently in the CNS. Meninges over affected areas may be thickened because of infiltrates of mononuclear cells. Lymph nodes of respiratory tract were infiltrated with mononuclear cells, lung lesions consisting of haemorrhagic bronchitis, bronchiolitis and alveolitis. The changes in pig that died were similar to those in D. I. group of pigs, 3 euthanized pigs had milder changes, one euthanized pig had no or nonspecific HP findings ELISA titers of specific ADV antibodies Specific antibodies to Aujeszky's disease virus were detected in the vaccinated pigs (group I) 14 days after revaccination, and their titer progressively increasing over the two subsequent weeks (Fig. 1) . In BPM-treated pigs (group II) the antibodies were also detected two weeks after revaccination and slowly increased. On Day -15 and Day 0 no specific antibodies were detected in sera of pigs assigned to the group intended for direct intranasal infection (group III). Three of five control pigs (group IV) developed antibodies to ADV 14 days after mixing with pigs from group III (Table 4) .
In most pigs maternal antibodies were detected on the day of vaccination, but which disappeared after two or four weeks (Fig. 1) . Fig. 1 . ELISA titers of specific ADV serum antibodies in experimental pigs Significantly different at * P < 0.05; **P < 0.01 than in control pigs (group IV) Significantly different at + P < 0.05; ++ P < 0.01 between group I and group II.
The gE antibodies were also detected in the sera of tested pigs. The gE antibodies were found in two control pigs (group IV) two weeks after infection, and in one more pig three weeks post-infection. In the sera of BPM-treated pigs (group II) the gE antibodies were also present in two pigs, two and three weeks following infection. In the pigs from group III no gE antibodies were detected. However, the gE antibodies were detected only in one vaccinated pig from group I, two weeks after infection (Table 4) . The ADV was detected from nasal swabs of all live pigs in group III and in three control pigs (group IV) on Days 14 and 21 after inoculation. In pigs from groups I and II the ADV was not detected (Table 4) .
Lymphocyte stimulation test
According to obtained results, T-cell responsiveness (consistent with PHA-induced PBL proliferation; Fig. 2 .) was highly stimulated in Ay-vac vaccinated pigs (group I) between Day -30 (P < 0.01) and Day -15 (P < 0.05) compared to control pigs (group IV). On Day 0, responses of PBL in pigs from group I to PHA were significantly lower (P < 0.05) than in control pigs (group IV). In the Baypamun-treated group (group II) the response of PBL to PHA stimulation was elevated, although not significantly. Similarly, the higher response of B-cells (consistent with PWM-induced proliferation; Fig. 3 .) was obtained in BPM-treated pigs on Day 0, but was significantly lower in the group I (P < 0.05). Between Day 8 and Day 13 there was an increase of B-cell responses in pigs from group I in comparison with control pigs (group IV), but proliferation of B-cells in BMP-treated pigs (group II) tended to decrease at the end of the experiment. 
Discussion
Use of BPM in this model, rather as an adjuvant than as IRM, would be a more appropriate approach for enhancing both non-specific and specific immune responses of pigs immunized with gE -vaccine against Aujeszky's disease. However, the obtained results are less obvious, but encouraging, with regard to the non-specific immunostimulatory effect of BPM, since vaccinated and Baypamun-treated pigs were better protected from, or less affected by, contact infection, respectively. Mayr and Mayr (1995) took ADV as a challenge model to investigate the efficacy of pox-inducers in isolated blood cells and liver cells. They found that pox-inducers increased phagocytosis, NK-cells and the thymidinkinase activity in liver cells. Investigations on "cytokine release" illustrate that pox-inducers promote the release, respectively, of the production of diverse cytokines that are important for regulation of the immune system. Fachinger et al. (2000) tested eight inactivated poxvirus strains belonging to three different genera (Orthopoxvirus, Avipoxvirus, and Parapoxvirus) for their capacity to activate cells of porcine innate and specific immune systems in vitro. The results demonstrated that all tested poxviruses possessed an immunostimulating capacity.
In unvaccinated pigs, the presence of maternal immunity did not inhibit the development of a T-cell response after inoculation with ADV (Bouma et al. 1998) . T-lymphocytes proliferated abundantly one week after inoculation, and a B-lymphocyte response was observed (De Bruin et al. 1998) .
The gE-ELISA is used for differentiation between pigs infected with ADV and vaccinated with gE-negative vaccines (Van Oirschot et al. 1990 ). The gE-negative deletion mutant vaccines provide a basis for control of this infectious disease (Van Oirschot et al. 1988 ).
In our experiment, specific antibodies to ADV and gE antibodies were detected in all vaccinated pigs, which is a result of vaccination and infection. Rodriguez-Buenfil et al. (2002) also analyzed serum samples for antibodies to ADV in sows and presented a cross-sectional study to determine the prevalence of antibodies in fattening pigs. Sera were analyzed by the screening-ELISA and gE-ELISA tests. None of the piglets was positive to antibodies against field virus risk-suggesting that the strategy of vaccinating only breeding animals reduced the ADV infection of piglets. Rodriguez-Arrioja et al. (1999) described cases of ADV infection at one pig-fattening farm. Histopathological findings on that farm were very similar to those in pigs of our experiment especially in hyperaemia of lungs and interstitial pneumonia.
The highest body weight gain was observed in vaccinated and BPM-treated pigs after vaccination and revaccination. Results by Regula et al. (2000) suggest that sub-clinical infection with this virus was associated with a decrease in average daily weight gain in pigs.
The effects of ADV infection in vivo on lymphocyte functions were controversial. ADV infection suppressed or did not affect lymphocyte proliferation in response to mitogens. (Van Oirschot 1979; Flaming et al. 1989; Page et al. 1992 ). These inconsistent findings may be due to the differences of strains or infecting doses of virus infection, and health status of the animals. In a recent study, by infecting caesarean-derived colostrumdeprived pigs with a low dose of ADV (10 2 TCID 50 per pig), the infected pigs exhibited a suppression of mitogenic proliferative response of whole blood, but not Ficoll-Hypaque separated PBMC, during the first week post-infection. This comparison was based on the same number of lymphocytes, suggesting that soluble suppressor effectors mediated this suppression (Chinsakchai et Molitor 1994) .
Lymphocytes from pigs vaccinated with Ay-vac exhibited increased response to PHA at Day -15 and decreased response at Day 0, compared to the data obtained in other groups of pigs. Since their response to PHA was also significantly increased on Day -30 (day of first vaccination), it is unlikely that the vaccine induced increased responses between Day -30 and Day -15. Consistent with this assumption is the decreased response obtained on Day 0. Similarly, lymphocytes from vaccinated pigs reacted to stimulation with PWM, exhibiting the lowest response on Day 0. However, a certain (but not significant) trend of elevation of PWM-induced response was recorded between Days 8-13. Our finding for PHA-induced reactivity is in agreement with the data of Sabini et al. (2001) who observed no differences in lymphocyte response to PHA between pigs vaccinated with two inactivated ADV vaccines and control pigs. However, when the cells were pre-stimulated with PHA and LPS prior to infection with ADV, they showed increased susceptibility to the virus (Wang et al. 1988) . Additionally, T and B lymphocytes strongly proliferated one week after inoculation with wild type virus NIA-3 (De Bruin et al. 1998) .
Taken as a whole, it is obvious that the time course of cellular responses to mitogens did not wholly agree with that obtained for humoral immunity to Ay-vac. This is true at least for the data obtained by parallel testing of both types of responses, i.e. until about 14 days postchallenge infection. Unfortunately, further follow-up was performed only for the presence of specific ADV serum antibodies (until Day 21), due to technical difficulties with cellular samples. However, it seems that an initial trend of higher cellular responsiveness occurred in the vaccine-treated group, as determined between Days 8-13 with both mitogens applied.
Finally, it can be concluded that Baypamun reduced or prevented clinical signs of the disease, such as elevated body temperature, incidence of diarrhoea and weight loss. However, it was less effective than Ay-vac treatment in the immunoprophylaxis of AD in this model system.
The preparation did not affect specific antibody production. However, it increased in vitro PBL responsiveness to PHA (T-cell mitogen) and PWM (mostly B-cell mitogen) on Day 0.
Úãinek léãby Baypamunem u viru Aujeszkyho choroby pfii pfienosu ze selat napaden˘ch virulentním ADV
Byl studován úãinek léãby Baypamunem u viru Aujeszkyho choroby (Aujeszky's Disease Virus -ADV) pfii pfienosu ze selat napaden˘ch virulentním ADV. Dvacet hybridních selat ve stáfií 6 t˘dnÛ byl rozdûleno do 4 stejn˘ch skupin a bylo vakcinováno, o‰etfieno Baypamunem nebo bylo infikováno ADV. Selata 1. skupiny byla o‰etfiena gEvakcínou proti ADV, selata 2. skupiny byla o‰etfiena Baypamunem jako nespecifickou imunostimulaãní látkou, selata 3. skupiny byla infikována virulentním kmenem ADV kmen NIA -3 a 4. skupina byla pouÏita jako kontrolní. Po infikování selat 3. skupiny, byla v‰echna ustájena pohromadû. Celkové mnoÏství protilátek a gE protilátek proti ADV v séru testovan˘ch selat bylo zji‰tûno pomocí imunoenzymové anal˘zy. Byla provedena také izolace PBL a lymfocyty stimulující test. Na‰e v˘sledky ukazují, Ïe selata 1. a 2. skupiny byla lépe chránûna pfied, ãi ménû zasaÏena, kontaktní infekcí. Signifikantnû vy‰‰í mortalita byla zaznamenána u selat 3. skupiny. U této skupiny byly taktéÏ zji‰tûny nejintenzivnûj‰í patomorfologické zmûny, nicménû podobné byly téÏ v 2. a 4. skupinû. V˘‰e zmínûná skupina selat mûla niÏ‰í v˘skyt prÛjmÛ (0/5:2/5) a zv˘‰enou aktivitu T a B bunûk ve srovnání s kontrolní skupinou (4.). Aãkoliv Baypamun neovlivÀuje produkci specifick˘ch protilátek, získané v˘sledky jsou povzbuzující s ohledem na nespecifick˘ imunostimulaãní efekt BPM u prasat vystaven˘ch kontaktní infekci ADV.
